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CAMERA CONTROL AZIMUTH & o DESCRIPTION OF SCENE THE VIKING MISSION VIKING LANDER MOSAICS \I:enttriona%n cs‘tvrr}ﬁ(r; l;:visngar:poinot.egteer;pefctoi;e”ogizgtlres ii:
o ¢ v This view north of the lander shows the level Two Viking spacecraft, each consisting of an or- .The Viking Lander cameras acquired many higl}-{esoluti'on throalg,h the perspectiz,/e pointrﬁl %he camerra f6is tJo - iﬁ]age:
354.5° 4.5° 34.5° 64.5° 94.5° 124.5° 154.5° 184.5° 214.5° 244.5° 274.5° 334.5° 354.5 rock-strewn plains of Utopia Planitia. Some of the biter and lander, were launched from Kennedy pictures of t}.le Chryse Planitia and Utopia Planitia lgndlng #lene - Hhesoamers: >
400. g L I : . : T [ K large blocks appear to lie on the fine-grained Space Center on August 20 and‘ September 9, sites. Eacl} picture is the product pf computer processing on The geometry of the lander pictures is complicated by addi-
I o e L i il | SECTOR 3 || SECTOR 4 material that partly covers the interblock areas. 1975. The Viking 1 spacecraft ?.II‘IVCC_I at Mar§ on Earth of digital-image dz'ata transmitted from Mars as a result tional factors. Because both landers are tilted with respect
30° | ’ I | | This appearance probably is due to scour or ero- June 19, 1976, and was placed in a hlghly' elliptic of “camera events” carried out by one of the lander camera to the horizon, on the uncorrected pictures the horizon re-
[ \\ . | | | sion by the martian winds that have carried away orbit around the planet a.t a periapsis altitude gf systems. Further computer processing of data from a §el- seiibles 4 sing ;:urve. Computer rectification of the pictures
@ | 197 | | l the fine-grained material from between the larger nearly 1500 km. The orbiter cameras were used in ected number of these events yielded a total of 10 mosaics. results in a straight horizon along which vertical angles can be
; Ki’ | | ! rocks. Some of the boulders seem to stand on conjunction with other instrumental methods to Two pairs of mosaics from Lander 1 data (one mosaic from measured with respect to the local gravity vector, and hori-
r i = —b8000 i BEFET FERD : 22A223 o pedestals of the protected material (line 320, find a suitable landing site for the lander. After each camera) consisted of one pair made from data taken in zontal angles can be measured fromg martian north. These
g o° ‘ | i | i T ?( . sample 1130). Most of the rocks are highly pitted about 30 days in orbit, the lander was sepalja’fed the morning (0700-0800 hours) and one pair made “{ltl} data angles are not related in any simple way to the azimuth and
- : ‘,‘22@"002 20A236] 22A220 : oL j/i:’ WEE \q,h or vesicular. The vesicles probably formed from from the orbiter, and on July 20, 1976, Viking acquired in midafternoon (1400-1530 hours). Similarly, elévation angles given in “camera coordinates” for the un-
< 4 | ,22B199 | I Gl l R gas bubbles in a cooling lava. A few of the rocks Lander 1 touched down on the surface of Mars at three pairs of mosaics for the Lander 2 site consisted of one rovtifisdpidtores
5 e 8 ks i . ' : I[ L] | a— 3 are fine grained and appear to be faceted, probably lat 22.483° N.* ‘and long 47.968° W. (Morrjs pair between 0700 and 0800 hours, one pair at noon, and one There are othér geometric distortions due to the camera:
- i - - 22Ah 29A206 4 = H g by wind erosion (line 430, sample 2320). and Jones, 1980) on the west edge of a large basin pair between 1700 and 1800 hours. i h di g . . y
u - 22 - ] 78 1 > ;E’ h | _A ” 2 . . lled Ch Planitia. It landed in a stable posi- Praced d f ine tirs Vikine Tamdes 6 optic path distortion that affects a light ray after it passes
. ‘ : SRR =h =t v A shallow trough crosses the near field, trending cate Iyse Haniia. ancee a8 post ocedures used lor processing the Viking ander camera the camera windows; and camera-system distortions, o1
—30° = ke \ 2 s ol tjr =il = approximately east-west (line 330, sample 300; tion at a 3° tilt downward in the direction 284.9 data were described by Levinthal and others (1977). The in- “bolt-down” errors th,at ate eauisedl by e wav: ths cam’eras
0 A A\ - 5‘? 2 e —+ line 470, sample 2250). The trough is 8 m from clockwise from north. dividual camera events used in each mosaic are identified in Phpmbionr th,e lander. The eo):netric tfansformation
> : /7 22A206 22A176 ‘ b | the lander, about 1 m wide, and 10 cm deep. The side of the lander on which the two cameras the outline of the accompanying camera view. Detailed des- S mosai'cs toolf inte sccount the buiic
B i i 2 o = 122A095 % '/ £ > | 7 Small drifts occupy the floor of the trough (line are mounted faces southeast. When the cameras criptions and reproductions of these camera events were given ath distortion gbu t not the "boltdown” Erracs Howeser
! =\ W ! ( -E‘ i { ’/\\ & | i 460 le 1050). The trough is part of a polyg- are pointed in a direction normal to the front of by Tucker (1978). Copies of the Viking Lander pictures can P ; . . o >
A | | | S | , sample g P o T o s ; : along the horizon, the error in azimuth angle is equal to the
60° 1 N %@ \| 4 | 5 onal network which suggests that it may have the lander, the viewing direction is 141.6° clock- be obtained from the National Space Science Data Center, rotational “bolt-down” error for each camera to an acourac
<\q | 171.6° formed from cracks owing to contraction during wise from north along the horizon. The first pic- Goddard Space Flight Center, Greenbelt, MD., 20771. of less than 1 pixel. The scale “azimuth angles f afn ;:33;
OUTLINE OF CAMERA 2 VIEW SHOWING CAMERA EVENTS USED IN MOSAIC ” cooling of a basaltic lava flow or to thermal ex- ture from the surface of Mars, of an area near the The Lander camera system (Huck and others, 1975a) has north” has beeﬁ ad:usted to take into ac g thr'o L
"osn ¢ e pansion and contraction of frozen ground. lander’s footpad 3, was taken immediately after selectable focus settings for a depth of field from 1.2 m to tion J 0 take Into account this correc-
e R | s The meteorological instruments used to measure landing by camera 2. During the ensuing 43 days, infinity in the high-resolution (0.04° instantaneous field of : . . .
gl the temperature,gpressure, speed, and direction of the cameras responded to all commands and view) mode. The survey (low-resolution) mode has an in- th:hlforr?zsgdnuiln’t:iz]g:ég:n?lgle err(xist;r:tless tha;‘ 3 f_lxel alolng
the martian winds are mounted on the end of the successfully carried out their assigned mission. On stantaneous field of view of 0.12°; this mode was used in the atid \afee Tasider 4ils, F ai}gler + eepeie Z a 1;" Mg s
/ i i h September 2, the activities of Lander 1 were re- mosaics only where no high-resolution data were acquired. arg eI ¢ “OL LIC 'WOTSL case, Lan er <, camera
/ <Ot white tubular arm (line 20, sample 290) at the p : - - P 1, this error is a maximum of 5.7 + 1 pixels at -60° elevation
4 el / S right of the scene. The prominent object at the duced to accommodate the planned receipt of data Each completeo mosaic extend.s 3425 in azimuth, from T’he somewhat sinusoidal azim{xth—-de srdent sesidng eleva-.
CAMERA CONTROL AZIMUTH NOMINAL LANDER GEOMETRY ]‘\\/ CEA=Camera elevation angle lower right is the surface sampler (line 800, sample from Viking Lander 2. approximately 5° above the horizon to 60 below. A com- Mot eiter 1§ 1 muimum of 3¢ 1 ixerl)s for Lander 2. camera
° 154.5° R 252.8° 1700). The true form of the instrument is not On September 3, 1976, Viking Lander 2 success- plete mosaic incorporates approximately 15 million picture 1, snd aprexinately | pixal f(_)r tll:e other cameras.
045 128.0 - 1845 214.5° apparent in the mosaic; three pictures were taken fully landed on Utopia Planitia of Mars (47.966° elements (pixels). In order to manage the processing of such 2 P yip .
— s VERTICAL MIEWSHBWING VISING LANDER:2 GRIENTATION when the instrument was in different positions so N., 225.736° W.), more than 6500 km northeast large data bases, each mosaic was compiled from four indivi- REFERENCES
o 334.5° 354.5 Gridl is i spaecratt courdinates ini ciilted. of Lander 1 (Mayo and others, 1977; Davies and dual azimuthal sectors. ,
5°4.5 that a minimum of the surface would be occult . . Davies, M. E., Katayama, F. Y., and Roth, J. A.. 1978
354. T others, 1978). Lander 2 faces approximately Most of the data used in the mosaics were selected from the 5. MG ey y s b L g § S iley ’
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30° F— E W 277.4° clockwise from north. The viewing direc- included where primary-mission coverage was absent or where NA AF’ 91 p.
e e tion of its cameras when pointed in a direction the surface was obscured by the sampler arm. Further selec- H‘éck’ . (;.,SMcCall, H.'k,F" Patterson, W. R., ancF Taylor,
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o i days until the primary mission of both landers 1977) for differences caused by variations in exposure and 1975b, adlom.etrlc performance of the Viking Mars
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2 ’ conjunction. variations in the pictures of the set. The geometry was then Administration Technical memorandum TMX'72_692"
< \ ¥ 3 During the primary mission, 454 pictures of the transformed to a local Mars horizon and corrected for geo- Levinthal, E. C., and Jones, K. L., 1980, The mosaics of Mars
& ; 7t martian surface were processed from Viking metric camera errors (Patterson and others, 1977; Wolfe, as seen by the Viking Lander cameras, NASA Contractors
5 o X 52 Lander 1 data and 582 pictures from Viking 1981). The corrected pixels composing a sector were then Report, 3326. .
W L 3 Lander 2 data. The extended mission of Viking combined by the computer into a single image, and an Levinthal, E. C., Green,.Wllham, :anes, K. L., and Tucker.,
. began December 15, after solar conjunction, and optimum contrast correction was applied. Robert, 1977, Procqssmg the Viking Lander camera data:
ended in June 1978. During this period, an addi- The mosaics are composites of the best pixels of all the Journal of Geophysical Research, v. 82, no. 28, p. 4412-
tional 1636 pictures were obtained from Lander 1 Lander pictures used for each sector. In the computer mo- 4420. )
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DISTANCE AND SIZE
OF ROCKS IN SCENE

COMPLETE MOSAIC, MORNING SCENE, CAMERA 2
(Corrected for tilt)

Distance from

Rock No. (Name) Spacecraft Width
1. 24m 15 cm
2. (Notch) 30m 20 cm
3. 38m 21 cm
4. (Badger) 34m 22 cm
5. (ICL) 24m 18cm
6. (Centaur) 3.0m 40 cm
7. 80m 20 cm
8. 6.8m 100 cm
9 9.0m 100 cm
10. (Ventifact) 10.7m 38 cm
1. 120m 100 cm
12. 70m 50 cm
13. 17.8m 57 cm
14. 223 m 35cm

VIKING LANDER 2 RECTIFIED PHOTOMOSAIC

MORNING SCENE-CAMERA 2-SECTOR 1

1984

mission and the results of eight scientific experi-
ments on board the landers were published in the
Journal of Geophysical Research (v. 82, no. 28,
Sept. 30, 1977, see References).

*Latitudes are areographic (see de Vaucouleurs and
others, 1973).

events for each sector were assigned priorities on the basis
of quality or detail. These data were examined by the com-
puter in sequence according to the priorities, and the best
pixels of each data set were used for the mosaic.

The computer formatting of the Viking Lander mosaics was
done at the Image Processing Laboratories of the Jet Propul-
sion Laboratory of the California Institute of Technology,
Pasadena, Calif., under the general supervision of Elliott C.
Levinthal of the Department of Genetics, Stanford Univer-
sity, who represented the Viking Lander Imaging Team. A
detailed description of the multiple steps involved in the con-
struction of the Viking Lander mosaics and an acknowledg-
ment of the many people who assisted in the project were
given by Levinthal (1980).

GEOMETRY OF THE MOSAICS

The cameras on the Viking Lander acquire data by sampl-
ing in equal increments of elevation and azimuth angle. In
the accompanying mosaic, 8 mm subtends a 1° horizontal or
vertical angle, regardless of the place of measurement within
the panorama. If the martian surface were flat, one pixel
(0.04°) on the surface would be 1 mm wide at -60° camera
elevation and 2 m wide at the horizon 3 km away. Character-
istically for this type of imaging system, most straight lines
in the scene appear curved in the reconstruction. This re-
presentation of the picture data differs from that of a con-
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